In this paper we present new petrological and geochemical data for two peraluminous granite batholiths (Nisa Alburquerque and Jalama batholiths) representative of the 'Araya-type' granites of the CentralIberian Zone. Both granites are composite with several facies (monzogranites and leucogranites) that can be grouped into two main granite units: the external units and central units. Intrusive relationships and lack of geochemical coherence between the central and external milts indicate that they are not comagmatic but represent different pulses. The central units of both batholiths are petrologically and geochemically different. On the other hand, external units show a lot of similarities and are the main object of this study. The main characteristics of the external granites can be interpreted in terms of an incomplete fractional crystallization process of early mineral phases (plg + Kf + bt) which probably took place at the level of emplacement. Other possible mechanisms of magmatic differentiation (magma mixing, restite unmixing, sequential melting) can be discarded based on field, petrography and geochemical data. We propose that the 'Araya-type' granites are formed by the intrusion of distinct magma pulses (central and external). Further evolution within each pulse can be due to incomplete fractional crystallization possibly taking place at the emplacement level.
Introduction
T~ Central-Iberian Zone (CIZ) represents the axial domain of the Iberian Hercynian massif, in which granitic plutonism and metamorphism are widely developed (Bea et al., 1987) . Proterozoic and Palaeozoic metasediments, together with some orthogneisses, were intruded by syn-to post-kinematic Hercynian granitoids that usually display a high degree of peraluminosity (Bea et al., 1987) .
In central and southern areas of the CIZ, the 'Araya-type' granites (Corretg~ et al., 1985; Bea et al., 1987) are the topic of this study (Fig. t) . These intrnsives are two-mica _+ cordierite _+ tourmaline +_ andalusite _+ sillimanite _ garnet granites, leucogranites and aplites (Corretg6 et al., 1985) . The 'Araya-type' granites are generally allochthonous, post-tectonic, zoned, contain large volumes of leucocratic differentiates and can be mineralised (Sn, W + U + Li +_ P). These rocks have apparently evolved as magmas with low quantities of restitic material; they produce characteristic differentiates that are enriched in phosphorus which is typical of Hercynian peraluminous granites (Bea et al., 1987; Bea, 1993) .
After a first period of data collection we now possess new petrological and geochemical information on two representative granite batholiths of the Araya group. In this paper, the external units of these intrusions are compared in order to identify the main differentiation mechanisms responsible for the compositional diversity of this group of granites. Due to the small amount of data collected on these granites so far, knowledge
Geological setting
The Araya group of granites is one of the most well exposed in SW Iberia (Corretg6, 1983) . It comprises several granitic intrusions emplaced in an epizonal domain of the CIZ, located in the axial domain of the Iberian Hercynian Massif (Julivert et al., 1974) . The Araya plutons are allochthonous and post-kinematic (290-250 Ma; Serrano with respect to the main phases of Hercynian deformation (Upper Devonian-Middle Carboniferous; MartlnezCatal~in, 1990; Diez Balda et al., 1995) . They are mainly composed of peraluminous monzogranites and leucogranites, which outcrop in the core of DI anticlines between NW-SE-trending synclines (Corretg~, 1983; Ldpez Plaza and Martinez-Catal~in, 1987) . Mineral parageneses in the contact aureoles indicate a shallow depth of emplacement (~2-3 kbar).
The Araya granites are intruded into a group of terrigenous sediments of Upper Proterozoic age, the Schist-Greywacke Complex. Two main formations can be distinguished in this complex: a lower one, mainly pelitic, with thin layers of sandstones, conglomerates, felsic volcanoclastics and amphibolites; and an upper one consisting of slates, mudstones, and siltstones with minor alternations of sandstones, conglomerates and limestones (Rodriguez Alonso, 1985; Diez Balda, 1986; Diez Balda et al., 1995) , The base of the Schist-Greywacke Complex does not outcrop in SW Iberia; in a region situated to the west, Ribeiro (1974) observed that it lies unconformably on a gneissic complex.
Field geology and petrogaphy The Nisa Alburquerque batholith (NAB)
The Nisa Alburquerque batholith (NAB) is a 1000 km 2 elongated intrusion that is parallel to the SW limit of the CIZ (Fig. 1) . Towards the western domains, the intrusion seals the contact of the CIZ domain with the Badajoz-Cordoba shear zone. The NAB intrudes a thick sequence of schists and greywackes (Schist-Greywacke Complex or SGC) of late Precambrian-Cambrian age. To the south-west, the batholith intrudes schists, quartzites and orthogneisses of Palaeozoic ages (from Ordovician to Devonian). Previous studies in the contact aureole developed in the Schist-Greywacke Complex (Suarez Rodriguez, 1985) indicate P-T conditions of 2.3 kbar and 500~
Five granitic facies have been distinguished in the NAB (Fig. 1): (i) Coarse-grained granites (leucogranites _+ monzogranites; ~: 70% of surface outcrop).
(ii) Fine-grained granites (leucogranites; <5% of surface outcrop).
(iii) Aplites (leucogranites; <1% of surface outcrop).
(iv) Central facies A (leucogranites; m20% of surface outcrop).
(v) Central facies B (monzogranites • granodiorites; <5% surface outcrop).
The central facies (A and B) consist of a band or large dyke intruded into the coarse-grained granites. This band is composed of A facies, 75%, (leucogranites) hosting B facies, ~25%, (enclaves of monzogranites • granodiorites). Contacts between A and B facies are sharp. Fine-grained granites (enclave-like bodies of 10 m 2 to 10 km 2) and aplites (dykes of 0.25-5.00 m thickness) appear always included in the coarse-grained granites, having either gradational (1 -10 m transition) or sharp contacts.
On the basis of these relationships we have grouped these facies in two granite units: 1) External granite unit (coarse-grained granites, fine-grained granites and aplites).
2) Central granite unit (central facies A and B).
The external granite unit
The three facies (coarse-and fine-grained granites and aplites) have the same mineralogy (quartz, plagioclase, K-feldspar, biotite, muscovite _+ tourmaline, _+ cordierite, + andalusite) and only differ in their modal proportions of varietal minerals (biotite, muscovite, tourmaline, cordierite and andalusite) and in their textures. In general, biotite + muscovite typically form up to 10% of the modal abundance. Tourmaline + cordierite + andaltlsite typically form <3% of the mode. Andalusite, muscovite, quartz, and tourmaline are mainly late crystallizing magmatic phases.
In the fine-grained facies the amounts of biotite and cordierite are less than in the coarse-grained facies, and muscovite > biotite. In the aplites these amounts are even lower, with muscovite > biotite.
Accessory minerals of external granites (mostly included in bt) are apatite, zircon, monazite and ilmenite. Xenotime _+ arsenopyrite occur in the most leucogranitic terms. Rutiie _+ titanite occur in the most monzogra-nitic terms. Most of the titanite has a secondary appearance (anhedral shapes and association with other secondary minerals as chlorite and altered ilmenite).
The main difference between facies is textural: the coarse-grained granite can be either porphyritic or equigranular; fine-grained facies and aplites always have an equigranular texture and finer grain size.
In the external granite unit, fine-grained facies and aplites predominate towards the eastern domains of the batholith and coarse-grained granites tend to be more leucoeratic towards the east. This reveals a slight E W zonation in terms of facies distribution and leucogranitic character in the coarse-grained granite.
The central granite unit
Facies A makes up most of the exposed surface of the central granite unit. This is a two-mica leucogranite, with muscovite + biotite <8% and muscovite > biotite. The texture is equigranular and medium-grained. Facies A is fairly homogeneous except towards the most eastern zones and near the contact with the external granites (coarse-grained facies), where it develops a similar mineralogy to that of the coarsegrained facies (• tourmaline + andalusite • cordierite), and the texture becomes somewhat more porphyritic. In these eastern domains and near the contacts, we find textural evidences of mixing between the central leucogranites (A facies) and the external, coarse-grained granite. Some of these evidences are the presence of partially corroded phenocrysts of biotite, plagioclase and K-feldspar in the matrix of A leucogranites.
Facies B is made up of monzogranites _+ granodiorites that appear as enclave-like bodies (5-20 km 2) hosted by the A leucogranites. They are two-mica granites with biotite >> muscovite (biotite • muscovite ~10%). Plagioclase is more abundant than K-feldspar. The texture is equigranular and medium-grained. Plagioclase crystals form a network with quartz and Kfeldspar occupying the space left (a subophiticlike texture). Accessory minerals (mostly included in biotite) are apatite, monazite, zircon, ilmenite, futile, titanite • epidote. Titanite and epidote both have a secondary appearance in SEM images (anhedral shapes and association with altered ilmenites or plagioclases).
Field relationships between the central and external granite units
The central granite (facies A) displays sharp contacts with the external granite (coarse-grained facies). However, in the most eastern zones of the central band, contacts are transitional (20-30 m width) and outcrop geometry is quite irregular. The coarse-grained granites have a slight magmatic fabric exhibited by K-feldspar and plagioclase phenocrysts. This fabric can be either parallel or oblique to the contacts with the central granite band. In some local outcrops central facies A crosscuts the magmatic fabric and aplites intruded in the coarse-grained granites.
Near the contacts we find enclaves of external coarse-grained granite inside the central granites but also the reverse relationship (central granite enclaves in the external coarse-grained granite).
In summary, all these relationships, together with the petrographic data, favour a probable intrusion of the central granite (facies A carrying enclaves of facies B) into the external granite (coarse-and fine-grained granites and aplites), a scheme similar to that proposed by Vigneresse and Bouchez (1997) for the Cabeza de Araya pluton. In the eastern domains of the central unit there is a mixing event with the external, coarsegrained granite. This mixing event and the ambiguous enclave relationships indicate that both granites (central and external) were probably magmas with low viscosities at the time of intrusion of the central granite. In the southwest of the batholith there are some enclaves of facies B hosted by the external coarse-grained granite. These present evidence of partial magma mixing and were possibly carried up by the external granite unit during its ascent.
The Jalama batholith (JB)
The JB is a 220 km 2 NW-SE elongate granitic intrusion that outcrops close to the centre of the CIZ (Fig. 1) . It displays a considerable lithological variation and is mainly composed of twomica (• sillimanite • tourmaline)monzogranites and leucogranites. In the northern third of the pluton, contacts between facies are transitional and parallel to the margins of the intrusion (Fig. l) . In the southern part of the intrusion contacts are sharp, intrusive and parallel to the Hercynian foliation of the wall rocks (SchistGreywacke Complex) . Taking all these relationships into account, two major units have been defined (Ramirez, 1996) : a) external granite unit (equivalent to the external granite unit of the NAB), b) central granite unit.
The external granite unit is made tip of three main facies which define a vertical zonation related to the pronounced topographic relief in the northernmost part of the pluton; the sequence from base to top is: porphyritic monzogranite, equigranular granite and tourmaline leucogranite. 1) Porphyritic monzogranite (PM) lbrms the bulk of the JB and has many similarities with the coarse-grained granite of the NAB. It consists of two-mica monzogranites which are porphyritic, being made up of K-feldspar phenocrysts in a coarse-grained equigranular mesostasis of quartz, plagioclase, K-feldspar, biotite and muscovite (bt~>ms); tourmaline, apatite, ihnenite, monacite and zircon appear as accessory minerals, mainly as inclusions in biotite. Biotite and plagioclase (Anl~) 1) are early crystallizing phases that appear as isolated subhedral crystals or in clusters. Kfeldspar is mainly microcline and typically shows inclusions of all the other phases. Quartz is mainly located in the groundmass as anhedral grains, as well as muscovite which appears interstitially.
2) Equigranular granite (I';G) outcrops in the northern half of the pluton between the porphyritic monzogranite and the tourmaline leucogranites which form the inargins of the intrusion (Fig. 1 ). It consists of two mica monzoto syeno-granitic rocks with mineralogies and textures very similar to the mesostasis of the PM, although they lack K-feldspar megacrysts. Muscovite is slightly more abundant than biotite.
3) Tourmaline leucogranite (TL) is restricted to the margins of the pluton, between the EG and the wall rocks. Unlike the other two facies, biotite is absent and tourmaline appears as essential: Liphosphates are also present. Aplites, pegmatites and Sn and W mineralizations are conspicuously associated with the TL. The texture is mediumgrained equigranular: albitic plagioclase (An4 l) is more abundant than K-feldspar.
The central granite unit is made up of sillimanite monzogranites (SM) and late leucogranites (LL), and outcrops as two bands parallel to the elongation of the pluton (Fig. 1) . SM is intruded by the porphyritic monzogranite of the external granite unit while the late leucogranites intrude all the rest.
1) The SM is a very heterogeneous unit due to the marked variation with respect to the amount of micaceous enclaves it contains. Two major subfacies can be defined: (i) Enclave-rich monzogranite. It is easily identified by the great abundance of micaceous aggregates it contains, which are up to 5 cm in diameter, mainly composed of primary biotite and sillimanite, and interpreted as restiles (Ramirez, 1996) . These aggregates present a very well defined crenulation cleavage. The enclave-rich monzogranite is also characterized by a higher proportion of biotite in the groundmass and tbr being heterogeneously porphyritic with few, but large, megacrysts of Kfeldspar. Granodioritic enclaves and quartz globules can be locally observed. The texture is medium-grained porphyritic with biotite in clusters and muscovite containing inclusions of sillimanite. Biotite is more abundant than nmscovite. Apatite, zircon, monazite, ihnenite and huttonite have also been identitied as accessory phases. (ii) I';nclave-poor monzogranite. Unlike the previous variety, this displays a more granitic appeareance since it is richer in quartz mad in K-feldspar megacrysts and is more homogeneously porphyritic. Biotitic aggregates are present in lesser amounts. Contact relationships between the two subfacies have not been observed due to the lack of outcrop. Petrographically this facies is very similar to the enclave-rich monzogranite but richer in muscovite.
2) l,ate leucogranites (LL) outcrop as dykes that intrude the monzogranites in central areas of the pluton (Fig. 1) . We have mapped two main bodies, one, of approximately 1 km 2, in central areas of the pluton intrudes the two monzogranitic facies, and the other as a long and nawow band in central pmls of the southern halt', intruded in the porphyritic monzogranite (Fig. 1) ; tiffs body presents enclaves of the sillimanite monzogranites although these two lithologies are not found in contact with each other at the present level of outcrop. The LL are similar to the leucogranites of the extcmal granite unit except filr the absence of tourmaline and the presence of accessory biotite. Unlike the leucogranites of the external granite unit no mincralizations have been described associated with the LL. The texture is medium-to fine-grained equigranular. Apatite. zircon, monazite and occasional uraninite and I3-Na phosphates appear as accessory minerals.
Geochemistry

Analytical methods Samples
We collected 63 fresh samples in the NAB and 44 in the JB covering all the unaltered textural varieties of these batholiths except the pegmatitic ones. Between 10-15 kg were taken for coarsegrained porphyritic varieties, 5-10 kg for equigranular and 2 5 kg for aplites. Crushing was done in two steps: crushing to a grain size of less than 5 mm in a crusher with hardened steel jaws and grinding to a grain size of less than 25 tam in a tungsten carbide jar.
Whole-rock analyses
Major element determinations for the JB samples were carried out by X-ray fluorescence (XRF) at the Department of Earth Sciences, Aarhus University, Denmark, in a Philips PW 2400 and for the NAB samples at Facultad de Geologia, University of Granada (Spain). The determinations were carried out on fused beads (1 part (0.75 g) of ignited sample to 5 parts of flux), the mixture ignited at 1250~ for 2 x 5 minutes. Then at 950~ for 3 hours and this is the value given as LOI. In both cases several international standards were analysed as a check on accuracy, which was satisfactory in both cases. Trace element determinations were carried out by ICP-MS on a PE Sciex Elan 5000 spectrometer at the University of Granada (details are given in Bea et al., 1994a) . Table 1 shows selected representative whole-rock chemical analyses of the NAB and JB.
Results
Geochemical relationships have been explored through the use of variation diagrams and principal components analysis (PCA; Le Maitre, 1982) . PCA was performed on three groups of elements which we classified by their unit of measurement (% and ppm) and their mineralogical expression: major elements (SiO2, TiO2, A1203, FeO, MgO, CaO, Na20, K20 and P205), trace elements contained in essential minerals (Li, Rb, Ba, Sr, V, Zn, Ga, Nb, Ta, Sn, TI and Eu) and trace elements contained in accessory minerals (Y, Zr, Hf, U, Th, REE). This last distinction is based on the results of a LA-ICP-MS study by Bea (1996) and Ramirez (1996) on samples from both batholiths. Original raw data were transformed to their logarithms to give equal weight to elements showing variations of the same order of magnitude (Le Maitre, 1982) . The results were obtained by applying the matrix of variancecovariance following the method of Wilkinson (1989) . Only the first eigenvectors are presented because these explain a sufficient variance as to discard the second eigenvector.
Results for the central units of the NAB and JB will be presented but not discussed in this paper, the reason being the reduced amount of geochemical information available on these units. These data will appear in forthcoming works (Menendez, in prep.; Ramirez, in prep.) where the petrogenesis of each batholith will be treated separately. In the following, we will concentrate on the study of the external units of both batholiths for which, field and petrographical relations indicate a similar petrogenesis. It should be pointed out that the central units of the Araya plutons are specific for each intrusion (e.g. the Cabeza de Araya batholith; Vigneresse and Bouchez, 1997) and therefore not directly comparable, whereas the external units (monzogranite to leucogranite series) characterize all of them and have many features in common (see below).
Major elements
Both the leucogranites and monzogranites are peraluminous (Zen, 1988) with A/CNK (molecular AlzO3/(CaO + K20 + Na20)) ranging from 1.07 to 1.40 in the NAB, and from 1.16 to 1.35 in the JB. The FeO/(FeO+MgO) relation varies between 0.78 (monzogranites) and 0.98 (aplites) in the NAB, and from 0.52 to 0.82 in the JB. CaO, FeOt, MgO, TiO2, and K20 decrease with increasing SiO2 while P205 can be either enriched or depleted (Fig. 2) . These fractionation trends are very similar for the two batholiths. In comparison with monzogranites, the leucogranites are more peraluminous, less mafic, poorer in CaO and with higher Na/K r~tios. The diagrams of K20 and CaO vs, SiO2 fox,the NAB (Fig. 2) reveal a clear lack of geochemical coherence between central and external granite units, each unit defining independent trends. PCA on data from the external units results in a first eigenvector mainly controlled by oxides with positive load (MgO, TiO2, FeOt, CaO and K20) (Fig. 3a) while negatively loaded oxides (SiO2, Na20 and P205) have less influence. This is because the positively loaded oxides display stronger relative variations than the negatively loaded ones. The first eigenvector is very similar in both batholiths and accounts for a major amount of the variance (85% for the NAB and 95% for the JB).
Trace elements
Sr, Ba, V, Y, Th, Zr, Nb, Pb, and REE become depleted with increasing SiO2. On the other hand, Li, Rb, Cs, Be, Ga, Sc, U, Ta and Sn show a tendency to increase with SiO2, with some scatter in the most leucogranitic terms (Fig. 4) . Lack of geochemical coherence is evident between external and central granite units as shown by Sr and Zr for NAB and by Zr for JB (Fig. 4) .
PCA on the trace elements contained in essential minerals for data from the external units shows that positively loaded elements (Ba, Eu, Sr, V and Zn in order of magnitude, Fig. 3b ) have a higher weight in the definition of the first eigenvector than negatively loaded elements. This vector is very The variance explained by the first eigenvector is 70% for the NAB and 76% for the JB. With respect to the rare earth elements, monzogranites show the highest ZREE, fractionated spectra (LaN/LUN ~ 15) and have a pronounced Eu anomaly (Eu/Eu* ~ 0.3; Fig. 5 ), reflecting the strong influence that the monazite REE pattern exerts on the whole-rock REE pattern in peraluminous granites (Bea, 1996) . LREE concentrations decrease more than HREE ones with differentiation, as indicated by the flatter REE patterns of the leucogranites compared with those of the monzogranites. Also, the Eu anomaly becomes stronger in the NAB, but is weaker in the JB. For the trace elements contained in accessories, PCA on data from the external units results in a first eigenvector mainly defined by a positive load of all the elements, especially the LREE; there are no negatively loaded elements (Fig. 3c) . The more marked influence of the LREE reflects their more pronounced relative variation with respect to the HREE, Zr and Y. The amount of variation which can be explained by this vector is very high in both cases (86% for the NAB and 93% for the JB) and there is no difference between the NAB and the JB with respect to the first eigenvector.
Although the two batholiths have similar ranges of concentrations and differentiation trends for many elements, the frequency distributions for most of the elements are very different. In Fig. 6 a comparison of the distribution of some key elements is shown; in the case of SiO2 the distribution is skewed towards higher values in the NAB than in the JB; the opposite is observed for MgO, V, and Zr. These patterns of distribution reveal that the NAB is more evolved with a higher proportion of leucogranites with respect to monzogranites than the JB.
Discussion
Mechanisms of evolution
Geochemical trends displayed by two-mica granites can result from a variety of processes among which progressive fractional melting (Shearer el al., 1987) , variation inherited from partial melting of heterogeneous source rocks (Deniel et al., 1987) , restite unmixing (Chappel et a[., 1987) and fractional crystallization (Scaillet et al., 1990; Bea et al., 1994a) are the most commonly invoked. Other possible processes are magma mixing, assimilation and hydrothermal alteration (Clarke, 1992) . Intrusive relationships and lack of geochemical coherence between members of the central and external units of the NAB and JB suggest that these represent independent magma pulses as already pointed by Ramirez (1996) for the JB. Similar relationships are observed in the Cabeza de Araya pluton (Corretg~ et al., 1985) and are thought to be produced by magma pulsing (Vigneresse and Bouchez, 1997) . On the other hand, field, petrographic and geochemical relations within the granites that make up the external units of the NAB and JB confirm that these constitute magmatic differentiation sequences. It should be pointed out that Sr isotope compositions are homogeneous (Ramirez, 1996 ; Menendez, in prep; Bea unpublished data) suggesting a comagmatic relationship between the granite facies that make up the external units. In the following we will concentrate on the discussion of the geochemical variability within the members of the external units of both batholiths. The comagmatic character rules out the processes of magma mixing, assimilation and hydrothermal alteration to explain the origin of the compositional variations. A process of restite unmixing can also be discarded on petrographical grounds since we have not found evidence of restite in our thin sections. Furthermore, the FeO+MgO+TiO2 content in these rocks are equal to, or lower than, the amounts possible to dissolve in a granitic melt (Wall et al., 1987) .
Rb-gr modelling
Compositional trends within the external units of the NAB and JB can be interpreted in terms of either sequential crystallization or sequential melting; a dilemma often encountered in studies of granite petrogenesis (Williamson et al., 1996) . In order to distinguish between these two processes we have carried out Rb-Sr modelling for the external units of NAB and JB.
The following equations for crystallization and melting (see Rollinson, 1993 for a review) have been used:
where CL is the concentration of a trace element in the liquid, Co is the trace element concentration for the original unmelted solid (partial melting) or for the parental liquid (fractional crystallization), F is the % of melt produced (partial melting) or remaining (fractional crystallization), and D is the bulk partition coefficient for the trace element considered (D -YXi Kdi). Values of Kd used for the modelling are listed in Table 2 . Co values used for both the crystallization and melting models are the Rb and Sr concentration of the least leucocratic monzogranites (ALL-67 and JAL-86). The fractionating assemblage selected is based on modal estimations in the monzogranites (30% plg, 25% Kfs, 5% bt). The residual assemblage is taken from the experiments of Montel and Vielzeuf (1997) (P -8 kbar, T = 855~ A109C P (22.1% bt, 30.5% plg, 0.4% grt) Montel and Vielzeuf (1997) is because metagreywakes are thought to be a more likely source than metapelites for peraluminous granites (Miller, 1985) . The results of modelling are shown in Fig. 7 for NAB external unit and in Fig. 8 for JB external unit. We have calculated liquid and solid evolution trends and have modelled evolution trends of mixtures of liquids and solids, for a fractional crystalization model (McCarthy and Hasty, 1976) . It has to be stressed that these models are based on assumptions of probabilities with considerable uncertainties. This is especially the case for the melting models in which it is neccesary to assume a possible protolith, initial Rb and Sr contents, residual mineral assemblage and P-T conditions of melting. All these parameters are very often impossible to estimate from a study of allocthonous granites.
The main points of the modelling are (Figs. 7 and 8):
For the bulk of samples studied (leucogranites and monzogranites), it is not possible to distinguish between melting and crystallization trends. For melting we have selected the best fitting models and initial Rb-Sr compositions of the least evolved members of NAB and JB (All 67 and Jal 86). This assumption is likely to be different in reality (different initial Rb and Sr in the protolith) and this would cause worse fitting melting models.
In the melting model, melting percentages of up to 80% are necessary to fit most of the compositional range observed in NAB and JB granites. Experimental and theoretical considerations preclude such high melting percentages (i.e. Clemens and Vielzeuf, 1987; Patifio-Douce and Johnston, 1991; Montel and Vielzeuf, 1997) . On the other hand, the fractional/equilibrium crystallization model reproduces the compositional range observed very closely.
The most evolved leucogranites, with very low Sr contents, cannot be generated by a sequential melting process, since they are too evolved to have been unmodified crustal melts; such evolved compositions are more likely attained as a result of a fractional crystallization process.
If fractional crystallization is considered as the model that best fits the data, the samples from NAB and JB do not represent pure melts but mixtures between melts and early fractionated crystals (i.e. cumulates). In the case of NAB, the monzogranites would be mixtures of 75% liquid and 25% solid. In the case of JB some of the monzogranites would be 60% liquid and 40% solid. This difference might indicate a better solid-liquid unmixing in the case of JB, or that the fractional crystallization process has been more effective in JB.
Further evidences for a sequential crystallization process
Besides the Rb-Sr modelling shown above, other lines of evidence suggest that the most suitable interpretation to explain the chemical variation within the external units of the NAB and JB is fractional crystallization of early mineral phases:
(1) Temporal relationships between some leucogranites and monzogranites are opposite to those typical of sequential partial melting, which should progressively yield more mafic magmas. In the NAB, some of the fine-grained granites included in the coarse-grained granites show intrusive contacts and relationships indicating a progression with time towards more felsic compositions, a situation consistent with a liquid line of descent toward the granite minimum. Similar relationships between aplites and syenomonzogranites can be observed in the JB.
(2) Increasing abundance of tourmaline with differentiation points to a progressive enrichment of B in residual melts which is best explained in terms of a fractional crystallization process (Benard et al., 1985) .
(3) The low contents in Sr, Ba and Eu in most of the leucogranitic terms, indicate that they cannot be generated directly by partial melting of a source rock capable of producing reasonable amounts of peraluminous leucocratic melts. The impoverishment in these elements can be better explained by fractionation of feldspars.
(4) The more pronounced variation in concentration of the compatible elements than the incompatible are suggestive of a fractional crystallization process (McCarthy and Hasty, 1976; Hanson, 1989) .
(5) Experimental results presented by Scaillet et al. (1995) demonstrate that fractional crystallization of peraluminous leucogranitic magmas produces derivative liquids that are more peraluminous, less mafic, poorer in Ca and with a higher Na/K ratio than their parental compositions. These fractionation trends are perfectly matched in the monzogranite-leucogranite series of the external units of the NAB and JB. The decrease in Fe, Mg and Ti with differentiation can be explained by fractionation of biotite, whereas fractionation of feldspars must account for the observed depletion in CaO, Sr, Ba and Eu. Fractionation of biotite leads to that of the accessory phases included in this mineral, mainly monazite, zircon and apatite and therefore, the impoverishment of Zr, Hf, Y, Th and the REE (except Eu) is directly correlated to that of the ferromagnesian minerals. In the case of the JB, the Eu anomaly tends to dissappear with differentiation. This can only be explained by the stronger fractionation of monazite and zircon compared to that of feldspars, since these minerals accumulate ~90% of the total Sm and Gd in these rocks, but very little Eu (Bea, 1996) . Progressive accumulation of feldspars could also be invoked; however petrographic evidence is lacking and furthermore, CaO, St, Ba and Eu depletion can only be accounted for by plagioclase and K-feldspar fractionation but not accumulation. This fractionating assemblage is in accordance with petrographic relationships between essential minerals which show that plagioclase, biotite and K-feldspar dominate the early stages of crystallization while quartz and muscovite dominate the late stages. A similar crystallization sequence is obtained experimentally by Scaillet et al. (1995) in the same type of compositions. However, an important difference between NAB and JB should be pointed out: in the NAB most of the biotite crystallizes simultaneously with K-feldspar whereas in the JB biotite is always an early liquidus phase found as inclusions in all the other essential minerals. This different crystallization sequence may account for the lack of parallelism in the Li and Rb trends (see Fig. 4 ) observed between the NAB and the JB. Early crystallization of biotite indicates high water contents in the melt (Maaloe and Wyllie, 1975; Naney, 1983; Scaillet et al., 1995) .
Petrogenetic mode/
Field and geochemical evidence reveal that formation of the NAB and JB is accomplished through the emplacement of succesive magma pulses as attested by the existence of intrusive contacts and lack of geochemical affinity between central and external units in both batholiths. An explanation for the geochemical differences between central and external units is not yet available and constitutes the main objective of our ongoing investigations (Menendez, in prep; Ramirez, in prep) . This subject has already been studied in similar granitic complexes of the Central-Iberian Zone (Corretg+ et al., 1985; Holtz, 1989; Vigneresse and Bouchez, 1997) which indicate that units with contrasting geochemical relationships correspond to unrelated magma batches, probably generated from distinct source rocks.
Compositional trends within external units of the NAB and JB are consistent with fractional crystallization of the minerals that have been identified as early phases from petrographic observations, i.e. plagioclase, biotite and Kfeldspar, together with the accessories mainly included in biotite (zircon, monazite + apatite). Imperfect liquid-solid segregation (most samples are a mixture of solid + melt) precludes the observation of cumulates. Other examples of well-studied peraluminous granites evolving through fractional crystallization processes are the Sweetwater Wash pluton in California (Mittlefehldt and Miller, 1983) , the Gangotri pluton in the Himalaya (Scaillet et al., 1990) , the Pedrobernardo pluton of central Spain (Bea et al., 1994a) and the Hall Canyon pluton of California (Mahood et al., 1996) .
In the absence of a detailed isotopic study, source rocks for the granites that compose the external units of the NAB and JB cannot be identified. Nevertheless, both mineralogy (biotite, muscovite _+ sillimanite, cordierite, andalusite and tourmaline) and whole-rock compositions (strongly peraluminous (A/CNK>I.1), CaO <1.5%, FeOt+MgO+TiO2 <3%, high P205 and low Sr contents) clearly favour a peraluminous metasedimentary source. Considering the results of this study as well as those of Corretg6 et al., (1985) and Vigneresse and Bouchez (1997) on the Cabeza de Araya pluton, we suggest that the Araya batholiths of SW lberia owe their compositional variability to assemblage of magmatic pulses generated from distinct source rocks, and further evolution within pulse by crystal fractionation processes. the analytical work; and Ben Wilkinson and an anonymous referee for editorial.
